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In exploring the potential applications of"newer" instrumentations for the clinical laboratory engaging in drug analysis (1) , I here review microcolumns by presenting a unified and simplified mathematical treatment, followed by updating on two microcolumn methodologies:
supercritical fluid chromatography (SFC) and microbore liquid chromatography (MBLC).
Introduction to Microcolumn
According to Scott (2) that the smaller the column radius, the lower will be the detection limit. For LC columns, a 20-fold increase in sensitivity is obtained by using a column 1 mm in internal diameter (i.d.) instead of the conventional 4.6 mm. A more detailed technical discussion will be included in the specific sections on supercritical fluid chromatography and microbore liquid chromatography. Figure 1 shows the various types of microcolumns used in HPLC (3) , which can readily be extended to SFC. Generally, conventional packed columns (not shown in this figure), ranging from 2 to 4.6 mm (i.d.), are filled with bonded or nonbonded siliceous packing, with 3-to 10-tim diameter particles.
As shown in Figure 1 , the three different kinds of microcolumns are: (a) microbore or small-bore column, similar to the above conventional columns, but with i.d. 
Supercritical Fluid Chromatography
Literature survey and principle of operation. In the first published report on SFC, describing the application of supercritical fluid to analysis for porphyrins (4) A supercritical fluid (SF) is a fluid kept in conditions above its critical temperature and pressure, conditions in which a low-density fluid (gas) can be compressed to a high-density fluid (liquid-like) with no discontinuity in density, and without going through gas-to-liquid condensation, regardless of the external pressure applied to the system (9) . Figure 2 shows the reduced isothermal plots of reduced pressure and density. Reduced temperature, Tr, may be defined as follows:
where T is the experimental temperature, and T0 is the critical temperature.
For carbon dioxide, the critical temperature and pressure are 31.3#{176}C and 72 Pa, respectively. In Figure 2 , area A corresponds to a one-phase region containing only SF. The Because temperature, pressure, mobile phase composition, and linear velocity of SF all contribute to retention and resolution (15) , the microcomputer controls the pump by regulating the pressure/density ramping of the mobile phase. It also controls oven temperature (if manufactured by the same company), injection mode, and possibly data acquisition, storage, and manipulation.
Preferably, the SF mobile phase is delivered in a pulse-and hysteresis-free manner by a syringe pump (13, 19) (15) and thus the sample size. This last approach offers large sample volumes, minimized sample waste, simplicity, and lack of "ghost" peaks; however, sensitivity is limited, the dead volume affects separations, and elution is possibly long. A fourth mode of injection is on-line supercritical fluid extraction. Recently, a multi-dimensional approach, involving a size-exclusion HPLC column coupled to a capillary SFC column, was used to analyze for a cocaine impurity (20) . Figure 1 24) . Functional groups such as phenyl, methyl, cyanopropyl, and octyl offer various degrees of polarizability and selectivity (25) . Crosslinking adds stability and increases resistance to washout. A novel column coated with the liquid crystal polysilane offers selectivity based on molecular geometry; the elution order depends on the size and shape of the analytes. With a wide smectic temperature range of 100-300 #{176}C, the mesomorphic side chains retain an ordered arrangement for the analytes to fit in among, thus determining the elution order.
The most commonly used mobile phase in SFC is carbon dioxide, which has the advantages of low critical temperature, inertness, easy purification, safety (nontoxic, nonflammable, and nonexplosive), and compatibility with Fifi.
Other common mobile phases are SF6, Xe, and n-pentane. N20 and NH3 are more-polar mobile phases, compatible with primary alkyl amines. Xenon, being transparent from ultraviolet to nuclear magnetic resonance regions, is suitable for SFC-FHR (26 (38) recently chose packed columns, given the rapidity and ease of using conventional commercially available packing, and used these for the SFC-MS assays of polar drugs (e.g., caffeine, codeine, cocaine, phenylbutazone, and methocarbamol).
Columns with 5-Mm-diameter packing were connected to the MS through a slightly modified direct liquid-introduction interface. Using a modified HPLC with an ultraviolet detector, they pumped CO2 SF and various amounts of the modifier methanol into the columns.
To prevent detector "spiking," they placed a restrictor at the exit of the MS. When they used a silica column and C02/methanol (8/2 by vol), caffeine was eluted at about 2.3 mm. By placing a 139-Pa restrictor at the MS outlet, they obtained a single-ion chromatogram with an ml z of 195. When they used an amino column and a mobile phase of C02/methanol, 9/1 (by vol), TIC chromatograms of m/z = 300 and 282 showed codeine to be eluted at 2.3 mm. An SFC-MS mass spectrum (chemical ionization) of codeine showed few fragments: 282 and 300 (M + 1 and betaniethasone, prednisolone, and cortisone and hydrocortisone were resolved during separate analyses. Because of the low separation temperature of 130 #{176}C, the two epimers, beta-and dexamethasone, were resolved almost to baseline, benefiting from the "reduced" on-column epimerization.
Another example
shows that after extraction with ethylacetate/hexane (1:9 by vol), a 9-carboxy-THC peak of about 400 ng/mL, as density-programmed from 0.25 g/mL after a 15-mmhold to 0.4 g/mL at a rate of 0.015 gJmL per minute, then to 0.65/mL at 0.01 g/mL per minute; FID at 280 'C. Reprinted, with permission, from ref. 39 shown by Figure 3 Library deal with this topic (3, 43) , and I have published several reviews with some preliminary data for clinical analysis of drugs (44) (45) (46) . Rather, based on the idea of enhanced mass sensitivity demonstrated by both 1-and 2-mm (i.d.) columns, and given the number of titles of the published papers bearing "microbore" but referring to either column, the following discussion includes both columns. 
